Background and objective: The benefit from adjuvant chemotherapy for patients treated with neoadjuvant chemoradiotherapy (NCRT) and curative surgery remains controversial, particularly among those responding well to NCRT. This retrospective study aimed to clarify the benefits of adjuvant chemotherapy in terms of the oncological outcomes of patients with ypT0-2N0 rectal cancer after NCRT and curative surgery. Methods: All patients with ypT0-2N0 rectal cancer after NCRT and curative resection between 2005 and 2014 were examined. The oncological outcomes between patients treated with adjuvant chemotherapy and those without any chemotherapy were compared. Results: The clinicopathological characteristics of 110 patients were reviewed in this study; one patient was excluded due to lack of follow-up. Of the 109 patients included, 58 (53.2%) underwent adjuvant chemotherapy (chemo group), whereas the remaining 51 (46.8%) did not receive any chemotherapy (non-chemo group). After a median follow-up of 50 months, there were no significant differences in the 5-year overall survival (OS) or recurrence-free survival (RFS) rates between the groups (OS: 92.1 vs 86.3%, P ¼ 0.375; RFS: 80.9 vs 74.7%, P ¼ 0.534). Subgroup analysis also demonstrated no significant differences in 5-year OS and RFS rates between patients with ypT0N0 rectal cancer (P ¼ 0.712 and P ¼ 0.599, respectively) and those with ypT1-2N0 disease (P ¼ 0.255 and P ¼ 0.278, respectively). Conclusions: These results indicate that patients with ypT0-2N0 rectal cancer after NCRT followed by curative surgery may not derive significant benefit from adjuvant chemotherapy. However, further prospective randomized trials, with larger sample sizes, are warranted to confirm this conclusion.
Background
For patients with locally advanced rectal cancer (LARC), the introduction of a total mesorectal excision and neoadjuvant chemoradiotherapy (NCRT) have significantly decreased local recurrence rates and prolonged overall survival (OS) rates; however, distant recurrences still eventually occur in 25-35% of patients [1] [2] [3] [4] [5] . Adjuvant chemotherapy is thought to prevent or eradicate circulating tumor cells and micro-metastases, For commercial re-use, please contact journals.permissions@oup.com decreasing distant recurrence. In principle, adjuvant chemotherapy is recommended for all patients who have completed NCRT and curative surgery, irrespective of final post-operative pathological stage [6] . However, recent studies have highlighted the paucity of evidence supporting the benefit from adjuvant chemotherapy for patients treated with NCRT and curative surgery [7] , particularly among those responding well to NCRT [8] [9] [10] [11] .
Currently, the recommendations to provide adjuvant chemotherapy for patients treated with NCRT and surgery are based on clinical stage; however, given the imprecision of assignment of pre-operative clinical stage and the ease with which pathological T and N classifications are established, some researchers suggest that adjuvant chemotherapy should be used selectively, depending on the final pathological stage. Moreover, the final pathological stage is reported to be a superior predictor of oncological outcomes compared with clinical stage or tumor-regression grade [12] [13] [14] . Among patients treated with NCRT and surgery, those with stage ypT0-2N0 disease had favorable oncological outcomes, including 5-year disease-free survival (DFS) rates of 83-95% and are considered a subgroup who respond well to NCRT [15] [16] [17] [18] . Nevertheless, there is no clear consensus on whether to provide or omit adjuvant chemotherapy for good responders. Not all patients with ypT0-2N0 rectal cancer benefit from adjuvant chemotherapy after NCRT and surgery; however, studies investigating this have reported somewhat inconsistent results [15, 16, 19, 20] .
In this study, we aimed to assess the role of post-operative chemotherapy on the oncological outcomes of patients with ypT0-2N0 rectal cancer who were treated with NCRT and curative surgery.
Methods

Patients and pre-treatment evaluation
All patients with resectable LARC who received NCRT and surgery between January 2005 and December 2014 were identified retrospectively. Eligible patients were selected according to the following inclusion criteria: (i) the tumor was diagnosed as midto-low rectal adenocarcinoma (i.e. the distance between the tumor and the anal verge was up to 10 cm); (ii) the tumors were evaluated before treatment as clinical stage II and III diseases; (iii) the patients had no clinical evidence of distant metastases; (iv) the patients underwent R0 resection; (v) the tumors were classified on pathological examination as ypT0-2N0 diseases after NCRT and curative resection; and (vi) the patients completed neoadjuvant and adjuvant therapy. Exclusion criteria included: (i) of the patients with LARC had other malignancies; (ii) the patients had a history of malignant disease or recurrence; (iii) the patients received a 'watch and wait' strategy after NCRT; or (iv) the patients had other pathological types of tumors, such as mucinous adenocarcinoma and malignant melanoma. The study was approved by the Institutional Review Board committee of the Cancer Hospital, Chinese Academy of Medical Sciences.
Colonoscopic biopsy was performed for all patients before treatment to confirm pathological diagnosis. All patients received a digital rectal examination, endorectal ultrasound (EUS) and/or pulmonary and abdominopelvic contrast-enhanced computed tomography (CT) scans and rectal magnetic resonance imaging (MRI) for clinical staging. Clinicopathological classification and staging were determined according to the American Joint Committee on Cancer tumor-node-metastasis (TNM) staging system.
Treatment
The NCRT regimen included a total of 42-50-Gy radiation in 21-25 fractions, with concurrent chemotherapy including single agent capecitabine regimen (n ¼ 50) and capecitabine plus oxaliplatin regimen (CAPOX; n ¼ 59).
The median interval between the completion of NCRT and surgery was 7.7 weeks (range 2.1-13.6 weeks). An experienced colorectal surgical team performed all surgery, using the total mesorectal excision technique.
Fifty-eight (53.2%) patients received post-operative chemotherapy; the regimens were as follows: (i) single agent capecitabine for at least 6 months (n ¼ 14); (ii) 4-9 cycles of CAPOX (n ¼ 39); (iii) 6-10 cycles of a combination of 5-fluorouracil, leucovorin and oxaliplatin (n ¼ 4); and (iv) 4 cycles of oxaliplatin þ S-1 (n ¼ 1). Fifty-one (46.8%) patients did not receive adjuvant chemotherapy. Documented reasons for not receiving adjuvant chemotherapy included physician discretion because of favorable pathology (n ¼ 27), poor performance status (n ¼ 11), patient choice (n ¼ 10) and post-operative complications (n ¼ 1). The reasons for not receiving adjuvant chemotherapy were not documented for two patients.
Follow-up
All patients were followed at 3-month intervals for 2 years, 6-month intervals for the next 3 years and annually thereafter. Follow-up examinations included a clinical history, physical examination, serum carcinoembryonic antigen, stool occult blood text, chest X-ray, colonoscopy, abdominopelvic CT or MRI and positron emission tomography (PET) scanning, if available. Recurrence was determined based on the results of clinical and radiological examination or histological confirmation.
Statistical methods
Categorical variables are presented as number (frequency) and quantitative variables as median followed by interquartile range (IQR) or mean 6 standard deviation. Categorical variables were compared by chi-square test or Fisher's exact test and quantitative variables by the t-test or the Wilcoxon rank sum test. Recurrence-free survival (RFS) was defined as the time between the date of surgery and the first tumor recurrence (local or distant metastasis). OS was defined as the time between the date of surgery and the date of death from any cause or the last follow-up. Kaplan-Meier survival analysis was used to determine the 5-year RFS and OS rates, and RFS and OS rates were compared using the log-rank test. A P-value of <0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS software (Version 22.0; IBM Corp., New York, USA).
Results
Patient demographics
A total of 110 patients were enrolled in this study, one of whom was excluded due to lack of follow-up. Of the remaining 109 patients, 67 (61.5%) were males and 42 (38.5%) were females, with a median age of 52 (range, 23-79) years; 58 (53.2%) completed adjuvant chemotherapy (chemo group) and 51 (46.8%) did not receive any chemotherapy (non-chemo group). All patients underwent R0 resection with negative distal and circumferential margins. Fifty-one (46.8%) patients achieved pathological complete response (ypT0N0) and 58 (53.2%) had residual tumors (6 ypT1N0 and 52 ypT2N0). During surgery, 69 patients (63.3%) underwent abdominoperineal resection (APR) and 40 (36.7%) received low anterior resection (LAR). Of those who underwent LAR, 14 (35%) patients received temporary enterostomy (5 in the chemo group and 9 in the non-chemo group). The demographic and clinicopathological characteristics of the patients did not differ significantly between the chemo and the non-chemo groups, except for age and duration of enterostomy ( Table 1 ). The chemo group was significantly younger than the non-chemo group (50.4 vs 59.4 years, P < 0.001). The duration of enterostomy was significantly greater in the chemo than the non-chemo group (28.4 vs 7.6 months, P ¼ 0.023). Two patients in the chemo group experienced parastomal hernia, whereas none in the non-chemo group suffered this condition.
Oncological outcomes
The median follow-up was 50.0 (IQR, 37.0-69.5) months for all patients and did not differ significantly between the chemo (51.5; IQR, 37.0-70.3 months) and the non-chemo (50.0; IQR, 37.0-68.0 months) groups (P ¼ 0.642). During follow-up, 21 patients (19.3%) relapsed a median duration of 15 (range, 7-81) months after surgery: one patient (4.8%) in the non-chemo group had only local recurrence; 19 (90.6%), including 10 in the chemo group and 9 in the non-chemo group, had distant metastases; and one (4.8%) in the non-chemo group had concomitant local and distant recurrences. Ten (four in the chemo group and six in the non-chemo group) patients (9.2%) died a median duration of 43.5 (range, 4-71) months after surgery. The causes of the 10 deaths were related to cancer (n ¼ 8) and post-operative complications (n ¼ 1). The reasons for death were not documented for one patient.
Survival was analysed using Kaplan-Meier survival curves; no significant differences between the two groups were detected. The 5-year OS rate was 89.3% for all patients, 92.1% for the chemo group and 86.3% for the non-chemo group (P ¼ 0.375). The 5-year RFS rate was 78.1% for all patients, 80.9% for the chemo group and 74.7% for the non-chemo group (P ¼ 0.534; Figure 1A and B).
Subgroup analyses showed that, in patients with stage ypT0N0 disease, the 5-year OS and RFS rates were 90.9 and 82.7%, respectively. The 5-year OS and RFS rates of the chemo group did not show any significant difference with those of the non-chemo group (OS: 93.8 vs 88.7%, P ¼ 0.712; RFS: 89.8 vs 77.5%, P ¼ 0.599; Figure 1C and D) .
In patients with stage ypT1-2N0 disease, the 5-year OS and RFS rates were 88.1 and 74.1%, respectively. The 5-year OS and RFS rates in the chemo group were not significantly different to those of the non-chemo group (OS: 91.2 vs 83.4%, P ¼ 0.255; RFS: 75.2 vs 71.4%, P ¼ 0.278; Figure 1E and F).
Discussion
For patients with clinical stage T3 or T4 rectal cancer or nodepositive mid-to-low rectal cancer who have received NCRT and curative surgery, 4-6 months of post-operative chemotherapy is still recommended to improve DFS and OS rates, irrespective of the pathological stage. The current advice to administer adjuvant chemotherapy to patients with LARC who underwent NCRT and surgery is primarily based on data from colon cancer [21] [22] [23] ; however, the optimal duration of adjuvant chemotherapy for colon cancer is controversial. The International Duration Evaluation of Adjuvant Chemotherapy (IDEA) collaboration assessed whether 3 months of adjuvant chemotherapy was non-inferior to 6 months of treatment and the results failed to confirm non-inferiority; however, for lowrisk patients with T1-3N1 tumors, 3-year DFS was non-inferior after 3 months of adjuvant chemotherapy compared with 6 months [24] . These interesting results raised the possibility that a shorter duration of adjuvant therapy for rectal cancer, or omission of adjuvant therapy for patients who have responded well to NCRT, may be reasonable.
Several randomized clinical trials have been conducted to investigate the benefits of adjuvant chemotherapy in LARC patients who were treated with NCRT and curative surgery; however, none has shown a significant survival benefit of receiving adjuvant chemotherapy [4, 5, 25, 26] . Subsequently, a systematic review conducted by Breugom et al. [7] of 1196 cases included in four European randomized trials also determined that adjuvant fluorouracil-based chemotherapy did not influence the oncological outcomes of patients with (y)pTNM II or III rectal cancer. However, another systematic review including more retrospective studies showed that adjuvant chemotherapy conferred a survival benefit [19] . Some recent retrospective studies also indicated that adjuvant chemotherapy is associated with increased DFS rate and prolonged OS time [27, 28] . Unfortunately, these studies have some important flaws. First, although patients had already been randomized to receive adjuvant chemotherapy, the rate of adherence to adjuvant chemotherapy was only 43-73.6% [4, 5, 25, 26] and two studies ended prior to completion owing to high dropout and poor accrual rates [5, 25] . Second, the chemotherapy regimens used in these studies were not identical. In addition, the number of patients who did not receive adjuvant chemotherapy in the retrospective studies was small, limiting their statistical power. Moreover, there was no investigation of whether adjuvant chemotherapy can be omitted for specific patient subgroups.
Currently, adjuvant chemotherapy is recommended for all patients after NCRT and curative surgery, based on clinical stage and independent of the final pathological stage; however, final pathological stage has superior predictive value for oncological outcomes compared with clinical stage [12] [13] [14] . For patients with LARC who underwent NCRT followed by curative surgery, ypN stage is regarded as the strongest independent prognostic factor influencing oncological outcomes [29] . Several studies analysed the prognostic value of adjuvant chemotherapy for patients with ypN-and ypNþ tumors and found that adjuvant chemotherapy may be unnecessary for those with ypN-disease and that only patients with ypNþ tumors were candidates for adjuvant chemotherapy [14, 18] . Pathological T stage is also a powerful prognostic predictor. A retrospective study conducted by Govindarajan et al. [30] in 2011 reported that, for ypN0 rectal cancer, patients with ypT3-4 tumors had a higher risk of recurrence than those with ypT0-2 malignancies. In 2015, Lee et al. [17] conducted another retrospective study of patients with ypN0 rectal cancer and found that advanced pathological T stage was associated with decreased DFS and OS rates and that ypT3-4 was a strong independent factor influencing oncological outcomes. Considering the findings of the studies mentioned above, we may safely conclude that the patients with ypT3-4 or ypNþ rectal cancers who underwent NCRT and surgery have worse oncological outcomes and may require intensive adjuvant chemotherapy, whereas patients with ypT0-2N0 tumors, who have excellent survival outcomes, could be spared adjuvant therapy. The phase II study, ADORE, confirmed our Fourteen patients had temporary enterostomy, of which five and nine were in the chemo and non-chemo groups, respectively. BMI, body mass index; CEA, carcinoembryonic antigen; CAPOX, capecitabine and oxaliplatin; ASA, American Society of Anesthesiologists; APR, abdominoperineal resection; LAR, low anterior resection; LN, lymph nodes. conclusion and suggested that patients with ypTNM II and III rectal cancer treated with FOLFOX had improved 3-year DFS rate compared with those receiving 5-FU/leucovorin, although patients with ypT0-2 tumors were excluded from this trial [31] .
In the present study, we analysed the oncological benefits of adjuvant chemotherapy for patients with ypT0-2N0 tumors. The results showed that the 5-year RFS and OS rates were not significantly different in patients with and without adjuvant chemotherapy. These results are in accordance with the results of previous studies. In 2009, Huh and Kim [15] showed that patients with ypT0-2N0 rectal cancer did not receive any further benefit from post-operative adjuvant chemotherapy. A multicenter analysis of 1016 patients with ypT0-2N0 rectal cancer after NCRT and surgery conducted by Park et al. [16] in 2014 determined that 5-year RFS was not affected by the addition of adjuvant chemotherapy. In contrast, Lichthardt et al. [20] found that patients who received adjuvant chemotherapy exhibited a significant improvement in OS rate, especially those with lower pathological stage tumors. They suggested that good responses to NCRT could predict the response of recurrence; therefore, they advised that patients who showed a good response to NCRT should receive a personalized adjuvant chemotherapy regimen.
Subgroup analyses in the present study also showed that, in patients with ypT0N0 or ypT1-2N0 disease, the 5-year DFS and OS rates did not differ significantly between the chemo and non-chemo groups, consistently with the results of the majority of previous reports [8] [9] [10] [11] .
The present study demonstrated excellent prognosis for patients with ypT0-2N0 rectal cancer after NCRT and surgery, with identical 5-year RFS and OS rates, independently of the addition of adjuvant chemotherapy; however, approximately 20% of patients still eventually experienced recurrence, 66.7% of recurrences occurred within the first 3 years after surgery and 80% of documented reasons for death were related to distant metastases. Therefore, except for intensified observation during the first 3 years after surgery, the prognostic factors in patients with ypT0-2N0 rectal cancer remain to be illuminated; no significant prognostic factors were identified in our study (data not shown). In addition, given the poor compliance associated with adjuvant chemotherapy, the use of a course of initial neoadjuvant chemotherapy before NCRT and surgery to improve the tolerance and completion rates of chemotherapy and eradicate micro-metastases beforehand, or adding neoadjuvant chemotherapy after NCRT and before surgery to increase pathological complete response (pCR) rates, are potentially relevant options to control distant metastases [32] [33] [34] . Nevertheless, issues regarding the antedisplacement of adjuvant chemotherapy should not be ignored. First, there is no clear consensus on whether to select a full course of chemotherapy or a semicourse of chemotherapy. Second, we could be misguided by excessive pursuit of higher rates of pCR at the expense of the primary aim of systematic chemotherapy. Moreover, the feasibility of this method is only supported by the findings of a few phase II trials and more phase III trials are needed to test the safety and validity of this method.
Beyond the potential implications in terms of financial costs, substantial toxicity and poor compliance associated with adjuvant chemotherapy, our study also revealed a longer duration of enterostomy in the chemo group, similar to previous reports [10, 35] . Although a delay in enterostomy closure does not exert adverse impact on post-operative complications, extended duration of enterostomy is associated with a higher occurrence rate of parastomal hernia, which is the most common longterm complication. Parastomal hernia may have significant impacts on quality of life, including skin irritation, stoma site discomfort, intestinal obstruction and even disturbance of fluid and electrolyte balance. In the present study, two patients in the chemo group experienced parastomal hernia, whereas none in the non-chemo group suffered from the condition. Due to its retrospective design, the present study has several limitations. First, it had a limited sample size and was based at a single-center setting, which could have led to selection bias, potentially hampering the elimination of confounding factors. Second, owing to the low recurrence rate and mortality, particularly among patients in the ypT0N0 group, the percentage of censored data was relatively high, which could limit the statistical power. In addition, patients who did not receive adjuvant chemotherapy were older and included a higher proportion of pCR cases than those receiving adjuvant chemotherapy, suggesting that the non-chemo group may have more morbidities and more responsive tumors. Finally, although all patients in the chemo group completed adjuvant chemotherapy, different cytotoxic regimens and cycles were used.
In conclusion, based on the results of this study, patients with ypT0-2N0 rectal cancer after NCRT followed by curative surgery may not benefit from adjuvant chemotherapy. However, given that this and other similar studies have been retrospective analyses, prospective randomized trials with larger sample sizes are warranted to further justify the oncological benefits of adjuvant chemotherapy.
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